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Executive Summary
Abstract
In a set of behavioral recommendations outlined by the National Highway Traffic Safety Administration
(NHTSA), navigating a roundabout is listed as one of twenty-eight regularly required abilities that a highly
automated vehicle must be able to complete. As autonomous vehicle technology is developed, refined, and
proven to meet these ability expectations, roundabouts and traffic circles that experience high volumes of
traffic are anticipated to benefit from an improved efficiency of traffic flow. For Tallmadge Circle and other
similar traffic control configurations, the degree of improvement will be dependent on the steps taken to
utilize the capabilities of the autonomous vehicles that travel through the intersection. From minor traffic
control enhancements to major technological implementations, several options should be available to
advance efficiency beyond what would be expected from the gradual integration of autonomous vehicles
into the traffic population.

[6]

Introduction
Roundabouts and Traffic Circles
A roundabout is a type of intersection control that is sometimes preferred over signalized intersections due
to its ability to limit the speed of vehicles and decrease crashes and roadway fatalities through a circular
geometry and a reduction of potential conflict points. With yield signs posted at each entry, roundabouts
also tend to enhance the efficiency of traffic flow, as vehicles are free to enter the roundabout whenever
there is an adequate gap in the circulating traffic. Further touted benefits of roundabouts compared to
signalized intersections include a more aesthetically pleasing presence, increased safety and ease-ofnavigation for pedestrians, decreased vehicle emissions, and a more cost-effective use of resources in the
long term, requiring a lower cost of maintenance and reducing costs associated with vehicles crashes.
Despite this seemingly glowing report of roundabouts, those who reside in or travel through the heart of
Tallmadge, Ohio might be skeptical—and perhaps rightly so, for Tallmadge Circle is a traffic circle, not a
roundabout. Though roundabouts and traffic circles share some characteristics, the Federal Highway
Administration (FHWA) identifies several elements that can be used to distinguish the two. The presence
of one of these elements is all that is required for classification as a traffic circle, and therefore the inclusion
of “pedestrian access to the central island” at Tallmadge Circle is enough to classify it as a traffic circle
(Robinson et al, 2000). As a traffic circle, Tallmadge Circle does not possess some of the desirable attributes
generally associated with roundabouts, suffering from a poor efficiency of vehicular flow and posing a
challenge to pedestrians, who are forced to traverse across the paths of both circulating and exiting traffic
and are provided a marked crosswalk at only three of the six pathways from the circle’s interior. Despite
the differences that set Tallmadge Circle apart from an ordinary roundabout, the similarities of traffic flow
seen in roundabouts and traffic circles can allow insights on the flow of traffic through roundabouts to be
applied to traffic circles as well.

[7]

Autonomous Vehicles
When the average person hears the term “autonomous vehicle” (AV), a car with self-driving capabilities
such as a Tesla Model S likely comes to mind, but this is only representative of one level of vehicle
automation. The Society of Automotive Engineers (SAE) has outlined six levels of automation for roadway
vehicles, ranging from no automation to full automation, as seen in Figure 1 below.

Figure 1: Six levels of automation, as defined by the SAE, taken from (Vargas et al., 2021).

Despite car manufacturers developing technological features like lane departure and blind spot warnings in
recent decades, these features still fall in the category of SAE automation Level 0, since all driving tasks
are still performed by the driver. Level 1 automation is reached with the inclusion of automatic steering or
acceleration, respectively seen in lane centering and adaptive cruise control, while Level 2 automation
requires the presence of both automatic steering and acceleration (SAE International, 2021). As of January
2022, Tesla’s self-driving capabilities are still only considered Level 2 automation, with the driver’s
continuous attention still being required (Hetzner, 2022). While Tesla has taken the approach of selling
their level of AV directly to the consumer, some companies are attempting to sell AVs as a service by
turning them into a fleet of self-driving taxis. One such company is Waymo, which started as Google’s selfdriving car project back in 2009 (Associated Press, 2016). Waymo has been testing its autonomous ridehailing service known as “Waymo One” in the Phoenix, Arizona area since 2017. However, despite over
[8]

four years of testing, Waymo has been unable to broadly expand its service of Level 4 driverless AVs due
to the many unique driving conditions that may be encountered elsewhere from weather, construction, or
unexpected disturbances, in addition to the necessary extensive mapping of the traffic control devices at
each new location (Coppola & Bergen, 2021) (Waymo). While there is no commercial vehicle currently
available to consumers by product or service that meets Level 5 criteria, vehicles with such a degree of
automation are being researched and developed and are expected to become a part of the roadway traffic
population in the coming years. Though the timeline for this innovation is currently unclear, Civil Engineers
in the transportation field should be preparing for the future by seeking to produce traffic solutions that
could be implemented alongside the introduction of AVs to the market. The inclusion of new methods and
devices within traffic features such as Tallmadge Circle should help to enable a smooth transition to a traffic
population that is more connected.

[9]

Existing Conditions of the Circle
Location
Tallmadge Circle is located in the downtown area of Tallmadge, Ohio and encircles the Tallmadge Town
Square Historic District, containing Tallmadge Historical Church and the Old Town Hall Tallmadge
Historical Society & Museum. Tallmadge Circle is a unique eight-legged traffic circle (see Figure 2),
connecting North Avenue, Northeast Avenue, East Avenue, Southeast Avenue, South Avenue, Southwest
Avenue, West Avenue, and Northwest Avenue, which are each named appropriately.

Figure 2: Aerial view of Tallmadge Circle, taken from Google Maps.

By the directional names of the roads which branch out from this location, it is clear that Tallmadge Circle
serves as the “focal point of the City” through which much traffic flows (City of Tallmadge, 2017). Having
state routes OH-91 and OH-261 passing through the traffic circle contributes to this centrality, and the lack
of reasonable alternative routes to travel between many of these legs further serves to funnel much of the
traffic through Tallmadge Circle.

[10]

Size
One major aspect that sets Tallmadge Circle apart is its size. Despite its name, Tallmadge Circle is better
described as an ellipse, having a larger inscribed diameter of approximately 550ft from East to West and a
smaller inscribed diameter of approximately 430ft from North to South. These measurements are
considerably larger than traditional single-lane roundabouts that tend to have an inscribed circle diameter
between 90ft and 180ft (Ohio Department of Transportation, 2021). Additionally, the single lane that
circulates the traffic circle has a width that varies from 30ft to 35ft.

Traffic
When driving through Tallmadge Circle, several issues soon become evident. First, the amount of traffic
influx to the circle even during non-peak hours effectively turns the yield signs at each entry into stop signs.
This can cause considerable queues along some of the more primary roads as each vehicle entering the
traffic circle is often forced to wait for an opportune opening in the circulating traffic rather than being able
to maintain some of its momentum as it cautiously continues. If drivers become impatient while waiting for
an opening, they may be tempted to force an entry into traffic with less-than-ideal spacing, potentially
leading to an interruption of the speed of the circulating traffic or to a collision. Either of these outcomes
would only serve to exacerbate the existing issue. Additionally, the queues entering the traffic circle can
easily extend past the driveway aprons of the commercial establishments surrounding Tallmadge Circle,
further limiting traffic movement by temporarily blocking vehicles from entering or exiting the parking lots
of these establishments. While the existing pavement of Tallmadge Circle has the room to accommodate
multiple lanes and may sometimes be treated as multiple lanes by drivers, the lack of signage and pavement
markings to indicate multiple lanes leaves drivers with one very wide lane to navigate. Having a singular
wide lane does provide somewhat of a buffer for drivers to avoid collisions when entering the traffic circle,
but drivers could perceive this as an encouragement to take risks rather than wait for an opening.
The issues that face Tallmadge Circle are not new. In 2013, the completed “Tallmadge Circle Improvement
Study” included crash data from 2006 to 2009 along with peak-hour traffic volume data taken in 2011 and
[11]

2012. Although this multi-year investigation performed by DLZ Corporation does not appear to have led
to any actionable steps by the Ohio Department of Transportation (ODOT) at the time, whether due to a
lack of comparative need or an insufficient cost-benefit relationship, data from this study can still prove
instructive. Interestingly, Tallmadge Circle does make an appearance on the 2017 Akron Metropolitan Area
Transportation Study (AMATS) report among other arterial and intersection recommendations and is
identified as a location needing improvements to operation and safety. According to the AMATS website,
the last recorded data at Tallmadge Circle was taken in 2016 (AMATS, n.d.). Even though the traffic
volume and crash rate at Tallmadge Circle have decreased somewhat from 2007 to 2016, it appears that
local transportation officials still recognize the need for change at Tallmadge Circle (AMATS, 2020). From
DLZ’s observations of the morning (7:00-8:00am) and evening (4:00-6:00pm) peak hours shown below in
Table 1, the length of queues along the legs of the traffic circle can become extensive and difficult to clear,
especially during the evening peak hours when all the legs had some length of queue throughout the entirety
of both hours.
Table 1: Observed Traffic Conditions

For the vehicles in these queues, much time is spent in stop-and-go traffic as the queues slowly release into
the circle. Using the average traffic flow entering the circle during the peak hours and the maximum known
queue lengths given, the maximum time spent in each queue can be estimated, as seen in Table 2.

[12]

Table 2: Estimated Maximum Time Spent in a Queue for 2011.
AM EXISTING PEAK HOUR

PM EXISTING PEAK HOUR

APPROACH

AVG TRAFFIC FLOW
(VEH/MIN)

MAX TIME
IN QUEUE (SEC)

AVG TRAFFIC FLOW
(VEH/MIN)

MAX TIME
IN QUEUE (SEC)

WEST

2.6

20

2.8

112

SOUTHWEST

3.2

16

3.5

56

SOUTH

6.5

78

4.7

95

SOUTHEAST

6.0

108

2.3

16

EAST

5.3

95

3.3

59

NORTHEAST

4.7

75

2.1

34

NORTH

3.4

68

2.6

78

NORTHWEST

2.8

28

2.6

72

Though a minute or two in a vehicle does not seem long, it is a rather lengthy period in the context of traffic
delay at a traffic circle. Given the prevalence of queues, it is not surprising that, of the 500 crashes that
occurred at Tallmadge Circle from 2006 to 2009 (seen in Table 3), over 75% are rear-end crashes, 92% of
which occur not in the circle itself but among the first few vehicles in a queue to enter the circle (seen in
Table 4).

[13]

Table 3: Types of Crashes Recorded.

Table 4: Rear-end crashes by Location.

This trend is attributed to the drivers of the second or third vehicles anticipating that the vehicle in front of
them will enter the traffic circle and being unable to stop in time when the leading vehicle does not enter
due to misjudging either the spacing of vehicles in the circulating traffic or the intentions of a vehicle to
leave the traffic circle (DLZ, 2013). Though Tallmadge Circle has historically ranked as an intersection
with one of the highest crash rates in the area, it tends to rank lower on the regional level based on the
composite score given by AMATS, which “takes into account the street’s length, daily traffic volume, total
crashes and crash severity” (Walsh, 2018).
Considering Tallmadge Circle’s unusual size and eight-legged design, it would be helpful to determine
what percentage of the vehicles entering the circle tend to travel around the majority of the circle before
exiting, in order to determine the potential usefulness of an inner lane. The peak hour volumes from 2011
are shown in Tables 5 and 6 below. Two different rates were determined using these peak hour volumes
and can be seen in Table 7.

[14]

Table 5: AM Peak Hour Origin-Destination Volumes.
2011 AM
Peak Hour Volumes

From

To
North Ave

NE Ave

East Ave

SE Ave

South Ave

SW Ave

NW Ave

0

2

6

61

38

38

19

4

168

North Ave

4

0

2

25

42

59

55

34

221

NE Ave

15

11

0

0

6

25

50

80

187

East Ave

109

27

11

0

4

19

32

122

324

SE Ave

84

99

13

4

2

8

36

120

366

South Ave

101

124

29

40

32

0

13

57

396

SW Ave

21

53

40

32

21

21

0

4

192

West Ave

4

13

13

50

32

34

8

0

154

338

329

114

212

177

204

213

421

2008

Totals

West Ave

Totals

NW Ave

Table 6: PM Peak Hour Origin-Destination Volumes.
2011 PM
Peak Hour Volumes

From

To

Totals

NW Ave

North Ave

NE Ave

East Ave

SE Ave

South Ave

SW Ave

West Ave

NW Ave

1

6

12

81

75

101

18

16

310

North Ave

8

0

7

33

59

131

36

38

312

NE Ave

21

11

2

16

18

55

39

91

253

East Ave

90

62

21

2

8

48

39

125

395

SE Ave

66

74

35

14

1

18

14

56

278

South Ave

114

155

87

67

23

1

13

108

568

SW Ave

9

63

69

122

68

74

0

17

422

West Ave

4

26

39

127

66

72

2

1

337

313

397

272

462

318

500

161

452

2875

Totals

Table 7: Percent of traffic volume entering the circle and exiting beyond a given point.
2011
Peak Hour Volumes

From

Percent of Entering Vehicles Exiting the Circle after Traveling
During PM

During AM
Over halfway

At least halfway

Over halfway

At least halfway

NW Ave

41.1%

63.7%

32.3%

56.5%

North Ave

31.2%

57.9%

31.7%

73.7%

NE Ave

16.6%

43.3%

36.0%

51.4%

East Ave

17.0%

54.6%

24.6%

56.2%

SE Ave

45.4%

68.3%

32.0%

55.8%

South Ave

43.2%

74.5%

41.5%

68.8%

SW Ave

40.6%

61.5%

21.1%

37.4%

West Ave

19.5%

51.9%

20.5%

58.5%

33.3%

61.6%

30.3%

57.7%

Totals

In this analysis, the halfway point of the circle was considered to be the fourth traffic circle leg approached
by any vehicle entering the traffic circle. Therefore, the halfway point for a vehicle entering from South
Avenue would be North Avenue, and such a vehicle is considered to have traveled at least halfway around
the circle if it exited at or beyond North Avenue. As seen in Table 7, about 33% of the traffic entering the
[15]

circle during the morning peak ended up exiting the circle after traveling over halfway around, and this
number only slightly dropped to about 30% during the evening peak. Interestingly, for both the morning
and the evening peaks, the inclusion of the halfway point leads to a significant increase in the total
percentages, indicating that 27-28% of vehicles make their way to the exit that is directly across from their
point of entry.

[16]

Autonomous Vehicle Technology
Overview
To enable autonomous driving, various sensors attached to an AV must provide the onboard self-driving
software with the necessary visual and spatial information to keep the vehicle safely on the road and
compliant with traffic regulations.

Sensors
Each sensor plays its own key role in providing certain information to the self-driving software to allow it
to take the proper actions. While Figure 3 outlines many of the sensors commonly utilized in AVs, it is
neither a comprehensive list nor a completely representative picture of what all companies choose to
employ, since there are differing approaches to sensor arrays for achieving autonomous driving.

Figure 3: Sensors generally used in autonomous vehicles, taken from (Vargas et al., 2021).

In order to discern important positional data like the vehicle location and speed, an AV can use a
combination of Global Positioning Systems (GPS), Inertial Navigation Systems (INS), and Prebuilt Maps
to maintain a precise knowledge of its own movement on the road. To maneuver safely through an
[17]

environment and among pedestrians, cyclists, and other vehicles, RADAR (Radio Detection and Ranging)
and LiDAR (Light Detection and Ranging) provide two methods of determining the relative position of
surrounding obstacles. RADAR uses the travel time of radio waves between objects to determine distances,
maintaining effectiveness even through precipitation. LiDAR uses the travel time of numerous high
frequency light pulses between objects to determine distances, having the ability to create a much clearer
picture of the surrounding environment than RADAR, though it can be limited by precipitation. Thus, while
LiDAR is more accurate and detailed, RADAR is not obsolete due to its ability in adverse weather
conditions, and Waymo makes use of both. In May 2021, Tesla dropped the inclusion of RADAR on its
new vehicles and chose to rely only on ultrasonic sensors and cameras for its self-driving technology (Tesla,
n.d.). Ultrasonic sensors use the travel time of inaudible, high-frequency sound waves (40kHz to 70kHz)
to calculate the distance of nearby objects (Vargas et al., 2021). Although ultrasonic sensors have a much
shorter range of effectiveness than RADAR or LiDAR (approximately ten meters compared to hundreds of
meters), they are mainly useful in automatic parking systems (Frenzel, 2018) (Vargas et al., 2021). Cameras
are a staple in AV sensor arrays, as they are relatively cheap, provide a clear picture, and capture a host of
visual information, including color (Vargas et al., 2021). Audio sensors can also be employed to identify
an emergency vehicle by its siren before the vehicle comes in view. Though sensors are part of the hardware
that make AVs possible, the software determines the effectiveness of any sensor.

Software
The quality of software is what AVs ultimately hinge on for higher levels of automation, evidenced by
Tesla’s belief that their current cars “have the hardware needed in the future for full self-driving in almost
all circumstances” and “will be continuously upgraded through over-the-air software updates” (Tesla, n.d.).
Software must take the information from the various sensors, make the appropriate analysis of the situation,
and send the necessary commands to the vehicle to continue safe and efficient operation. Using machine
learning algorithms, developers are able to feed information and situations to the software and allow it to
learn through experience, slowly becoming more and more proficient with each new variation.
[18]

Additionally, beyond perceiving the present moment, the autonomous “Waymo Driver” has been trained to
differentiate and classify objects, allowing it to make intelligent predictions of their movements and choose
its own movements accordingly, represented in Figure 4.

Figure 4: A visualization of how Waymo's software assigns predictions, taken from (Waymo, 2021).
Being thus equipped, the “Waymo Driver” has driven over 20 million miles and simulated over 15 billion
miles (Waymo, 2021). However, advancement into Level 5 automation still faces the hurdle of being able
to confidently encounter any situation under any condition and proceed safely, but, with enough time and
testing, it should become a reality.

Anticipated Developments
In addition to the pursuit of Level 5 autonomy, connected vehicle (CV) technology “has the potential to
transform travel as we know it” through continuous communication of data among vehicles, with
infrastructure, and with mobile devices, benefiting both safety and mobility (ITE, n.d.). Moreover, when
combined with AV technology to produce a connected autonomous vehicle (CAV), further improvements
to safety and mobility should follow. Though AVs and CVs are not yet fully developed, researchers have
not been deterred from exploring the potential impacts of CAVs on traffic flow at various stages of market
penetration, referring to the percentage of vehicles on the road that are CAVs. Regarding safety, one
[19]

simulation study determined that “[t]he frequency of dangerous situations in the mixed flow under different
CAV penetration rates indicates that the condition of traffic safety would be greatly improved with the
increase in the CAV penetration rate,” but acknowledged that capacity could experience a lower rate of
increase depending on the distance that CAVs are programmed to keep between themselves and the vehicle
in front of them (Ye & Yamamoto, 2019). Another study using a different simulation technique agrees with
the prior statement on safety, finding that “the reduction of conflicts was 12–47%, 50–80%, 82–92% and
90–94% for the 25%, 50%, 75% and 100% penetration rates respectively,” and concerning mobility it
demonstrated that “CAVs provided reliable travel times regardless of traffic conditions,” indicating that
congestion would be greatly relieved (Papadoulis et al., 2019). High market penetration rates are very likely
to be decades away, but just how many decades is still unclear, as estimates can vary widely and depend on
a multitude of factors. A series of projections made by McKinsey & Company in 2016 is shown in Figure
5 below.

Figure 5: Projections of AV market share over time, taken from (McKinsey & Company).

[20]

Looking at the optimistic high-disruption scenario, the percentage of fully autonomous vehicles on the road
is expected to be 15% in 2030 and up to 90% in 2040, but the conservative outlook of the low-disruption
scenario projects only 10% by 2040. This graphic is several years old, yet projections do not seem to have
changed much in the time since then. The high-disruption scenario may be looking more doubtful, but the
actual path of AV market share growth is more likely to fall somewhere between the two extreme scenarios
rather than trending toward low-disruption.

Interaction with Traffic Circles
Considering Tallmadge Circle, one key way AVs can improve safety—and thereby also efficiency—is to
address the area where the majority of crashes occur: within the queues. While there is little that can be
done to control a driver’s behavior in a queue, AVs would solve this problem by removing the human driver
from the equation and relying only on the positional data of the vehicle in front of it when deciding to move
forward in a queue. Therefore, regardless of whether AVs become CAVs, the mere presence of AVs in a
queue at Tallmadge Circle should do much to decrease the number of incidents, as a properly functioning
autonomous system should never rear-end the preceding vehicle in a queue and should be able to make
decisive actions when entering the traffic circle, thereby also significantly decreasing the likelihood of being
rear-ended by a human driver. Moving the focus to the actual flow of traffic going into and circling a traffic
circle, there seem to be three scenarios worth discussing regarding AV and CAV integration and
infrastructure additions at Tallmadge Circle to support this: addition of pavement markings and signage,
implementation of adaptive signal control technologies (ASCT), and reliance on a central control system.
For the first scenario, while the addition of pavement markings and signage is not a large change, it is a
needed one and should be an element included in whatever solution is eventually chosen. Clearly visible
pavement markings such as edge lines, lane lines (if applicable), crosswalks, and directional arrows will do
much to eliminate any potential confusion not only for human drivers, who “will continue to benefit from
infrastructure that is easy to interpret and can be seen in a range of driving conditions,” but also for
autonomous vehicles, which often rely on highly detectable pavement markings to operate safely and
[21]

effectively (3M, n.d.). Furthermore, given the width of the existing pavement of the circle, it could be worth
exploring dividing the pavement into two lanes, with the outer lane being where all vehicles enter and exit
the traffic circle and the inner lane being for vehicles going into or out of the parking area within the
southern portion of the circle in front of the Old Town Hall or for vehicles travelling around the majority
of the circle’s circumference before moving to the outer lane to exit the circle.
However, during the extended period of heterogeneous traffic flow before AVs reach a critical mass amid
the traffic population, these relatively minor improvements to the infrastructure are likely to lend only
marginal improvement to the overall flow of traffic. Regarding the second scenario, ASCT is a traffic
control method that utilizes sensors placed around an intersection to adjust the length and timing of red,
yellow, and green lights based on the current traffic demand to optimize traffic flow. This form of traffic
control is generally implemented at traditional signalized intersections and certain highway on-ramps, but,
in some cases, it can be found at roundabouts as well. Though a lack of traffic signals is generally seen as
one of the main benefits of roundabouts and traffic circles, the implementation of traffic signals that are
continuously adapted to traffic conditions can be a method of further improving the efficiency of a traffic
circle that experiences high traffic volumes. Carmel, Indiana, an American city famous for its extensive use
of roundabouts, implemented their own adaptive signal control system at a busy roundabout in 2018 and
saw a subsequent drop in personal injury accidents (Rader, 2019). In 2016, University of Akron student
Kashif Mahmood wrote his master’s thesis on improving the performance of roundabouts and traffic circles
using adaptive signal control methods, and he chose Tallmadge Circle as one of two intersections to base
his study upon. His simulations produced results that showed “a good improvement in terms of queue length
and delay when the adaptive metering method was used in comparison to the no control scenario,” and for
the 2016 peak PM traffic volumes at Tallmadge Circle there was a 36% reduction in queue size, a 38%
reduction in maximum queue length, and a 27-28% reduction in delay time when using adaptive metering
at the roundabout (Mahmood, 2016). With the theoretical success of ASCT implementation at Tallmadge
Circle and the functional success of ASCT implementation in Carmel, the potential application of ASCT at
[22]

Tallmadge Circle seems to have merit. While the use of ASCT is more focused on the efficient control of
vehicles driven by humans, it could serve as an excellent means of traffic control during the early stages of
AV market penetration.
However, once AVs proliferate to comprise the vast majority of roadway traffic and advance to the
expectation of CAVs, the potential improvements offered by a central control system that can communicate
with CAVs at the traffic circle to maintain continual optimized flow are likely to outweigh the
improvements experienced through ASCT. This is the third scenario, which would use vehicle to
infrastructure (V2I) communication to enable a central system to act as a continuous manager of the circle’s
traffic using a specialized algorithm that “collects information from the incoming vehicles, assesses the
conditions, and sends them back, if necessary, the corresponding adjusted trajectory to avoid conflicts,
considering total compliance from the CAVs and no latency in communications” (Martin-Gasulla &
Elefteriadou, 2021). In a 2021 study, among different strategies tested for the management of roundabout
traffic, the approach that produced the highest efficiency prioritized “vehicles that need to occupy for a
longer time the circulatory roadway (left and through movements) and exit the system earlier” and resulted
in a reduction of average control delay (the aggregate delays caused by decelerating, stopping, and
accelerating) by over 80% compared to expectations based on the Highway Capacity Manual (MartinGasulla & Elefteriadou, 2021). It should be noted that the study was completed for a four-legged roundabout
and tested up to a volume of 2000 vehicles per hour, which is less than historically experienced during peak
hours at Tallmadge Circle, and at which point all strategies in the study were less effective. Therefore, it is
unknown whether a similar degree of benefit could be expected if applied at Tallmadge Circle. However,
since the additional legs of Tallmadge Circle are accompanied with a considerable increase in space
compared to ordinary roundabouts, it seems probable that the system configuration could be scaled up to
handle the additional incoming traffic streams and optimize flow within the expanded space of a large
traffic circle.
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In any case, the increased market penetration of AVs or CAVs should be accompanied by an increase in
traffic efficiency at a traffic circle compared to the same situation under a traffic population of only
manually driven vehicles. While the theoretical limit of increasing traffic efficiency can be expected at an
AV market penetration of 100%, the practical limit is more likely tied to a passenger’s perception of safety
while in an AV. Since “people seem to accept smaller safety margins when they are in control themselves,”
traffic capacity could be negatively affected if AVs are required to maintain larger gaps in order to be
trusted and accepted by the populace (Boualam et al., 2022). An individual’s confidence in his own abilities
over that of technology may be misguided from an analytical standpoint, considering that the use of
autonomous technology nearly eliminates reaction time. Even so, such a stance is understandable, since it
is virtually impossible for any piece of technology to perform as designed indefinitely, whether due to
software glitches, mechanical failures, or wear from use over time. However, the incidents that do occur
with AVs should be few compared to the number of incidents currently seen with manually controlled
vehicles, and the overall improvement to traffic safety that AVs offer should significantly outweigh
concerns. Therefore, a net negative effect of AVs on traffic efficiency seems unlikely, provided that the
technology is given ample time to be fully developed and is not rolled out prematurely.
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Recommendations
With Level 5 autonomous technology expected to be at least several more years away and significant market
penetration likely being multiple decades away, a full transition to infrastructure designed around fully
autonomous technology is not yet necessary and would offer very little benefit over the next ten to fifteen
years. However, there are still measures that can be taken to improve the efficiency of Tallmadge Circle in
the interim, considering how the traffic population looks presently and how it is expected to look as AVs
are adopted. At a minimum, Tallmadge Circle needs updated and additional pavement markings and
signage, making navigation of the traffic circle easier for both human drivers and autonomous drivers and
improving safety for pedestrians. Though these measures are aimed more directly at safety for circulating
vehicles than traffic efficiency, the potential reduction of crashes within the circle should also benefit traffic
efficiency. There could be potential benefit to traffic efficiency in dividing the existing single lane into two
circulating lanes due to the considerable portion of vehicles that travel at least halfway around the circle,
but such an unconventional change could prove to have a net negative effect if drivers that were to use the
inner lane consistently found themselves unable to move safely to the outer lane before making their exit
from the circle, which is considered a possibility during high volume periods when the inner lane would
most likely be used. A good use of the extra space afforded by the existing pavement could be the creation
of a short approach to and from the parking area within the south end of the circle, allowing vehicles a
smoother and safer transition out of and back into the circulating traffic. Another method of improving the
efficiency of the traffic circle is the replacement of the existing yield signs at each entry with adaptive
signals and the accompanying roadway sensors and infrastructure system needed to adapt the signal timing
to service demands as they change. In addition to the significant reductions expected in queue length and
delay, this method of traffic control should improve the safety of Tallmadge Circle as well, eliminating
much of the stop-and-go vehicle movements that are assumed to correlate to the prevalence of rear-end
crashes in the queues entering the circle. Turning the focus more directly to how the efficiency of Tallmadge
Circle can be improved directly by AV technology, it would be especially beneficial for transportation
[25]

features like Tallmadge Circle to be an early adopter of V2I infrastructure. The Intelligent Transportation
Systems Joint Program Office (ITS JPO) has laid out a goal of “infrastructure readiness for automated
vehicle testing and deployment” (Dopart, n.d.). Implementing new transportation solutions can serve to
further encourage the use of AVs and CAVs, and the ITS JPO intends to advance the adoption of automated
technologies by “real-world demonstrations of cooperative automation to illustrate system performance
benefits” (ITS Joint Program Office, n.d.). Whether or not Tallmadge Circle could become one of these
early real-world demonstrations is uncertain, but it stands as an intersection with much to gain from
integrating automated technologies into its infrastructure when such technologies are ready. If the actual
performance benefits come anywhere near the expected benefits based on simulations, then the progression
to a V2I system—whether from a traffic flow governed by yielding or by ASCT—should be natural and
obvious given the benefits that could still be derived.

[26]

Summary
In the world of developing technology, forecasting the future is an endeavor of many unknowns. Models
and simulations can only go so far and must make many assumptions, timelines are often subject to change,
and expectations can be too lofty. However, lacking a vision for a better future is only another step towards
ensuring that a better future does not come about. Therefore, casting a vision for when significant AV
market penetration is expected to begin to materialize fifteen to thirty years from now, Tallmadge Circle
could be significantly benefited as AVs are able to communicate with each other and with a central system
to map out the optimal timing of traffic flow, transforming what was once an inefficient traffic control
oddity into an efficient intersection for the myriad of vehicles that may seek to pass through from any of
the eight approaches. Given Tallmadge Circle’s design to allow continuous movement when unobstructed,
it may have the most to benefit from AV technology, as continuous movement is maximized and delay time
is minimized by the precise timing of merging vehicles, the narrowing of required gaps in traffic, and the
absence of all-red intervals. However, even if AVs do not reach their expected potential or are hampered
by unforeseen complications that make a connected vehicular population unfeasible, the collective
independent systems of each AV should still offer meaningful improvements to traffic efficiency at a traffic
circle given their ability to predict movements and rapidly react to them. Until significant AV market
penetration is reached, implementing ASCT at Tallmadge Circle could be a method of improving
efficiency, though this would underutilize the capabilities of the growing AV population and cater more to
the human-controlled-vehicle majority. This could be an intermediate step worth taking if there is a slow
rate of AV adoption over the next several decades, but a high-disruption scenario would be likely to leave
ASCT in obsolescence before it completes its expected lifespan. Regardless of what else is done at
Tallmadge Circle, it is in need of updated pavement markings and signage to communicate its design more
clearly to both human and autonomous drivers.
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Appendix
Excerpt from DLZ 2013 Tallmadge Circle Improvement Study, acquired from ODOT District 4.
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